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Carrier Concentration
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Carrier Concentration Tuning

PbTe,. |,

lodine (I) supplies one more
electron than Tellerium (TE)
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zT of n-type PbTe I,

Peak zT ~ 1.4 at 800K due to low
thermal conductivity
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Quality Factor and n*

Maximum zT depends on | Optimized |
Quality Factor carrier concentration
n* ~ N 2B3m, % 782
B~ Ny L
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Multi Valley Fermi Surface ZT 0.5,
with Valley Degeneracy N '
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Effective mass
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Valence Band Maximum is at L point
« “Light Band” Ny =4, m,*=0.14m,

Second valence band occurs at X'line
« “Heavy Band” N, =12, m,*=0.28m,
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Valley Convergence with composition

PbTe convergence changes with alloying

*Slight shift in energy of C, L and X bands

*Will change Convergence Temperature
—Increases 7., with PbSe alloying
—Decreases 7., With MgTe alloying
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p-type PbTe-PbSe ZT (average z7)

Peak zT is high but device ZT (average z7T) is not really improved
zT at low temperature reduced by increasing T.
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Determines maximum reduced
efficiency at any given point

maxn, =

zlI'vs. ZT

Materials figure of merit zT
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Device Figure of Merit ZT
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Precipitates in PbTe can Increase ZT
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Decreasing T with Mg

R 4 R~

Mg,Pb,_ Te shifts valence L band to convergence with X at 300K
S vs n (Pisarenko) looks like single heavy band

Continues to go below X at high temperature
But band gap (between C and X) increases, helps S at high T
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Increasing ZT by stablilizing n*
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Self-Tuning n* via Composites
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Compatibility Factor

High Efficiency from zT . N1+2T -1
al

only with compatible s

operating current must match

Constant Temperature I-V curve
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Summary

Many levels of complexity for ZT
higher order effects relevant for high

efficiency applications Optimized
Peak 7T N carrier |
carrier concentration for peak zT B~—+ concentration
m,K, n~ N 23m,* T°2

quality factor maximization \
High average zT LK E o~

carrier conc. tuning

functionally grading

*self-tuning composites Zl 015
Band Engr. for ZT

quality factor engr for avg zT J

nanostructures for low temp (1)018 1039 10° 107

*stabilizing n* carrier concentration

Compatibility effects

ZT not a simple average of zT
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